The present paper describes the sequential combination of dispersive magnetic solid phase extraction (DMSPE) with cloud point extraction (CPE) as a new nonchromatographic approach for preconcentration/redox speciation of chromium with FAAS detection. The method is based on sequential preconcentration of Cr(VI) at pH 5.0 onto mesoporous amino-functionalized Fe 3 O 4 /SiO 2 nanoparticles followed by cloud point extraction of Cr(III) as metallic complex with 4-(2-thiazolylazo)resorcinol (TAR). The variables that play an important role on the performance of both preconcentration methods were thoroughly optimized by means of factorial design. Under optimized condition, an aliquot of 45.0 mL of sample was preconcentrated onto 25 mg of magnetic nanoparticles during 1 min following the elution with 0.5 mL of 2.5 mol L −1 HCl. The supernatant containing Cr(III)
Introduction
The great concern in chromium redox determination [predominantly Cr(III) and Cr(VI)] in water samples is governed by the fact that the trivalent specie is considered an essential trace element that is able to coordinate several amino-acid ligands playing an important role in maintenance of lipid, glucose and protein metabolism, whereas Cr(VI) is a highly oxidant specie with negative impact on human health since it is considered toxic and carcinogenic [1] . Therefore, accurate redox speciation of chromium in water samples is of paramount importance for assessing the real toxicity of aquatic bodies regarding the content of chromium species. Many regulatory agencies around the world have established the maximum allowed amount of chromium in water samples. According to Brazilian National Council for the Environment (CONAMA) [2] the maximum amounts of Cr(III) and Cr(VI) for effluent discharges in aquatic bodies are 1.0 and 0.1 mg L −1 , respectively. In the Unites States of America (U.S. Environmental Protection Agency), the maximum allowed amount of total chromium in drinking water is 0.1 mg L −1 [3] . World Health Organization (WHO) [4] establishes a maximum amount of total chromium in drinking water as being 0.05 mg L −1 , while in Japan, the maximum tolerable values for wastewater are 0.5 and 0.05 mg L −1 for total chromium and Cr(VI), respectively [5] . As observed, there is no standardization by the regulatory agencies regarding the maximum tolerable values of chromium species in water samples. Therefore, the content assessment of Cr(III) and Cr(VI) in water samples is absolutely required and the development of reliable redox speciation methods for chromium has received increasing interest for attaining Microchemical Journal 123 (2015) [185] [186] [187] [188] [189] [190] [191] [192] [193] [194] [195] this goal. Since the concentration of chromium in water samples is low considering the detectability of flame atomic absorption spectrometry (FAAS), one of the most widely used technique for metal determination, the redox speciation has been commonly accomplished by means of preconcentration/extraction methods. Even for those highly sensitive techniques, such as graphite furnace atomic absorption spectrometry (GF AAS) and inductively coupled plasma mass spectrometry (ICP-MS), the redox speciation is only possible by implementing a prior sample preconcentration/extraction method for a reliable analysis. Additionally, prior sample treatment based on preconcentration/extraction is also an outstanding tool for removing some interference present in the samples [6] . Solid phase extraction (SPE) [7] , cloud point extraction (CPE) [8] and dispersive liquid-liquid microextraction (DLLME) have been the most used methods for preconcentration/speciation of chromium species [9] . Commonly, indirect speciation approach has been carried out for chromium speciation, which can be divided in two strategies. The first one is accomplished by separating one species of Cr(III) and Cr(VI) through using selective adsorbents and/or chelating agents under controlled pH. In the second one, chemical process based on reduction or oxidation reactions or changes on sample pH with buffer solutions are applied to the sample. Thus, in this case, the redox speciation analysis is achieved from the difference between the value of total chromium and the species of Cr(III) or Cr(VI) previously determined in the first step of procedure. As the concentrations of Cr(III) and Cr(VI) in water samples are generally different among themselves, the speciation by using the differential approach procedure may yield highly imprecise values. In addition to this issue, it involves difficulties with regard to the shortening of analysis time and risks of contamination by using concentrated reducing and oxidizing agents [10] . As alternative to solve these drawbacks, speciation methods based on sequential nonchromatographic approaches seem to be an ideal way. These methods can be carried out through solid phase extraction using dual columns that are able to retain selectively either Cr(III) or Cr(VI) under the same pH of sample. In spite of very interesting features, currently, there still exist a reduced number of references addressing this issue, most likely due to selection of appropriate adsorbents, which is not an easy task. To the best of our knowledge, chitosan cross-linked with 4-hydroxyphthalic acid modified ethyleneglycoldiglycidylether (CCTS-HPA resin) and ME-03 commercial resin [11] , biosorbent (Chlorella vulgaris) and 717 anion exchange resin [12] , cross-linked poly(methacrylic acid) and polyvinylimidazole [13] , SiO 2 /Al 2 O 3 /TiO 2 and SiO 2 /AAPTMS [10] , poly 2-(5-methylisoxazol)methacrylamide-co-2-acrylamido-2-methyl-1-propanesulfonic acid-co-divinyl-benzene and Dowex 21K resins [14] are the only examples of combination of dual solid phases that are able to differentiate Cr(III) and Cr(VI) species under the same pH of sample. More recently, the concept of sequential nonchromatographic speciation has also been reported using a new surfactant assisted dispersive liquid-liquid microextraction procedure based on solidification of floating organic drop for preconcentration of Cr(III) and Cr(III) from water samples [15] .
Therefore, in light of the aforementioned comments and aiming to expand the development of sequential nonchromatographic approaches for chromium speciation, in the present paper; we describe for the first time a new method based on sequential combination of dispersive magnetic solid phase extraction (DMSPE) and cloud point extraction (CPE). Since magnetic solid phase extraction was developed for the first time in 1999 by Safaríková & Safarik [16] , it has been frequently used for preconcentration of organic pollutants and inorganic metal chelates [17, 18] . In this method, the good dispersion of solid phase in aqueous medium, which yields better and faster extraction of analytes onto the surface of solid phase, is particle size-dependent. Therefore, the use of mesoporous nanospheres is of paramount importance for achieving satisfactory analytical performance and cationic surfactant has been used in the synthesis for the creation of mesoporous structures in the solid phase. As regards the CPE, it is very well known that it presents inherent advantages over conventional liquid-liquid extraction performed with toxic solvents. In addition, both CPE and DMSPE are considered miniaturized techniques, which are fast and easy to operate and do not require sophisticated and expensive instruments to be implemented. The new method herein developed is based on selective retention of Cr(VI) onto mesoporous amino-functionalized Fe 3 O 4 /SiO 2 nanoparticles under pH 5.0. Cr(III), from the bulk solution is subjected to selective preconcentration under the same pH by cloud point extraction as metallic complex with 4-(2-thiazolylazo)resorcinol (TAR). The magnetic solid phase was synthesized and successfully characterized by using FT-IR, FE SEM, TEM images, textural analysis and X-ray diffraction and the speciation method was evaluated regarding some possible interfering ions, validated and applied to the determination of Cr(III) and Cr(VI) in water samples.
Experimental

Apparatus
A Shimadzu AA-7000 flame atomic absorption spectrometer (Japan) equipped with deuterium lamp for background correction and a hollow cathode lamp as radiation source for chromium was used. The hollow cathode lamp was operated at 10.0 mA and the wavelength was set at 357.9 nm. Flame composition was operated at an acetylene flow rate of 2.8 L min −1 and air flow rate of 10.0 L min
. An infrared spectrometer with Fourier transform (Shimadzu 8300, Japan) operating in the transmission mode between 4000 and 400 cm −1 was used to elucidate functional groups of mesoporous amino-functionalized Fe 3 O 4 /SiO 2 nanoparticles and a JEOL JEM-1400 Transmission electron microscopy (Akishima-Shi, TKY, Japão) was used to evaluate the morphological characteristic of material. Field emission scanning electron microscopy (FE SEM) and energy dispersive spectroscopy (EDS) analyses were performed in a TESCAN Mira 3 model scanning electron microscope (Czech Republic). pH values of samples were measured on a Metrohm 826 digital pH meter (Switzerland). The cloud point formation was carried out using a thermostat bath (Marconi TE 127, Brazil) and the rich phase was separated by using a centrifuge (Fanem Mod. 206 BL, Brazil) to accelerate the phase separation process. A vortex mixer (50 Hz) from Biomixer (Brazil) was used for performing the extraction using the magnetic nanoparticles. An ultrasonic bath (Marconi, Brazil) was also used. The surface area determined by multipoint BrunauerEmmett-Teller (BET) and average pore diameter and pore volume obtained by Barrett-Joyner-Halenda (BJH) method, were determined from nitrogen adsorption experiments by means of the physical sorption method using a Quantachrome Model Nova 1200 automatic nitrogen gas adsorption instrument (Germany). X-ray diffraction spectra were acquired from a Philips MDR X-ray diffractometer (Holland) operated with incident X-rays (λ = 1.54060 Å) with the 2θ angle varying between 5 and 80°with current of 35 mA and voltage of 40 kV. The analyses of preconcentration data were processed using the STATISTICA software package (StatSoft, Tulsa, USA). Certified reference material decomposition was performed in a microwave oven (Milestone Microwave Laboratory System).
Reagents and solutions
All solutions were prepared with water obtained from a Milli-Q purification system (Millipore, Bedford, MA, USA) to a resistivity of 18.2 MΩ cm and using chemical reagents of analytical grade. In order to prevent metal contamination from laboratory glassware it was kept overnight in a 10% (v/v) HNO 3 solution. Cr(III) and Cr(VI) stock solutions were from the corresponding salts CrCl 3 ·6H 2 O (Vetec, Rio de Janeiro) and potassium dichromate -K 2 Cr 2 O 7 (Sigma-Aldrich, St. Louis, MO, USA) dissolved in 5% (v/v) HCl and their corresponding working solutions were prepared daily in deionized water from appropriated dilution. The salts FeCl 3 and FeCl 2 were acquired from Sigma Aldrich. 4-(2-Thiazolylazo)resorcinol (TAR) solution (Vetec-Brazil) was prepared in ethanol (Impex-Brazil). The solvents toluene, ethanol, methanol and acetone were purchased from Merck and used without further purification. Octylphenoxypolyethoxyethanol (Triton X-114) and cetyltrimethylammonium bromide (CTAB) both acquired from Acros (USA) were used without further purification. Hydrochloric and nitric solutions were prepared by appropriate dilution of their concentrated solutions from Merck (Darmstadt, Germany). Tetraethylorthosilicate (TEOS, 98%), 2-amino ethyl 3-amino butyl methyl dimethoxy silane (AAMDMS) and L-cysteine were purchased from Sigma-Aldrich (Germany). ) were repeatedly washed with deionized water and dried in an oven at 50°C for 4 h. Afterwards, the particles were dispersed in 160.0 mL of ethanol, 40.0 mL of deionized water and 9.6 mL of concentrated NH 4 OH and sonicated in an ultrasonic bath for 1 h. Next, the grafting process of magnetic particles with silica was accomplished by adding dropwise 6.4 mL of TEOS to the mixture, which was maintained under stirring for 6 h. In the next step, the resulting material was washed with ethanol, deionized water and dried in an oven at 60°C for 8 h. After obtaining the grafted magnetic nanoparticles (Fe 3 O 4 /SiO 2 ), the formation of mesopores in the material was based on cationic surfactant template method using cetyltrimethylammonium bromide (CTAB) [20] . Thus, Fe 3 O 4 /SiO 2 nanoparticles were dispersed in 150.0 mL of ethanol followed by addition of 36.0 mL of concentrated NH 4 OH (dispersing solution A). In another flask, 10.0 g of CTAB were dissolved in 100 mL of deionized water (solution B). The solutions A and B were than mixed under vigorous stirring and 12.0 mL of TEOS was added dropwise to the mixture being kept under stirring for 6 h. The obtained material was collected with a magnet, washed with deionized water and dried. The removal of template CTAB from the material was accomplished by using acetone under reflux for 24 h [20] . The final procedure was performed for obtaining mesoporous amino-functionalized Fe 3 O 4 /SiO 2 nanoparticles. For this task, mesoporous Fe 3 O 4 /SiO 2 nanoparticles were dispersed in 50.0 mL of toluene with the aid of ultrasonic bath. Finally, 10 mL of 2-amino ethyl 3-amino butyl methyl dimethoxy silane (AAMDMS) was added dropwise and the mixture was kept under reflux at 110°C for 24 h. The obtained mesoporous amino-functionalized Fe 3 O 4 /SiO 2 nanoparticles were collected with a magnet, washed several times with ethanol and acetone and then dried at 60°C for 12 h. added. The cloud point was attained in thermostatic bath at 90°C for 45 min followed by separation of two phases in centrifuge operated at 1200 rpm for 10 min. The rich phase was diluted in 600 μL of 0.1 mol L −1 HNO 3 in methanol to decrease the viscosity and introduced to the FAAS nebulizer for the determination of Cr(III) . Absorbance signals were taken as peak area and blank solutions were also submitted to the same procedure described.
Sample preparation
The samples tap water (1) and mineral waters (1) and (2) were obtained from Chemistry Department of State University of Londrina and local supermarkets, respectively, whereas tap water (2) and mineral waters (3) and (4) were obtained at São José do Rio Preto city (São Paulo State, Brazil). Lake water sample was collected from Igapó Lake located in Londrina city and acidified with concentrated HNO 3 until pH 2.0 to avoid the growth of microorganisms. The sample was then filtered under vacuum using 0.45 μm cellulose acetate membranes and stored in freezer (temperature 4.0°C) until analysis. Before analysis by preconcentration/speciation method all samples had the pH adjusted to 5.00 with 0.01 mol L −1 acetate buffer. For the digestion of certified reference material (DORM-3), 529 mg of material were transferred into Teflon® flasks followed by addition of 10.0 mL of concentrated HNO 3 and 4.0 mL of 30% (v/v) H 2 O 2 . The mixture was kept in overnight and subjected to the following heating program: step 1, 8 min at 80°C, step 2, 8 min at 120°C, and steps 3 and 4 were kept during 10 min at 200°C. The power was set at 500 W in steps 1 up to 2 and 600 W for steps 3 and 4. After sample decomposition, it was heated on a hot plate to near dryness, the residue was dissolved in deionized water then transferred to a volumetric flask of 50.0 mL and the pH was adjusted to 5.0 with 0.01 mol L −1 acetate buffer. , which are attributed to symmetric and asymmetric stretching vibration C-CH 2 from the methylene chain of CTAB [25] . The band attributed to the deformation of the Si-O-Si (δ Si-O-Si ) bonding was observed at 463 cm −1 [24] . The N-H bend and C-H stretch should appear at 1637 and 1068 cm
Results
Characterization of magnetic nanoparticles
; however these peaks were overlapped by peaks of silica matrix [25] . Therefore, the functionalization of Fe 3 O 4 / SiO 2 nanoparticles with amino groups from 2-amino ethyl 3-amino butyl methyl dimethoxy silane (AAMDMS) was confirmed by signal at 1455 cm −1 assigned to δ(N-CH 2 ) in phase twist [26] . 4 indicates the formation of mesoporous structures in the material as a result of the action of pore-forming agent CTAB [29] . In addition, the lower surface area of Fe 3 O 4 /SiO 2 can be assigned to the presence of CTAB in the material as also observed from FT-IR data, which fills the void space of mesostructure. However, upon functionalization of Fe 3 O 4 /SiO 2 with aminosilane (AAMDMS) and removal of CTAB the porosity of material was highly improved as a consequence of an increase of surface area (119.8 m 2 g −1 ) and decrease of average pore diameter (3.36 nm). This finding can probably be attributed to the linkage of long chain of AAMDMS in the walls of void space of mesostructures. The final Fe 3 O 4 /SiO 2 nanoparticle modified with 2-amino ethyl 3-amino butyl methyl dimethoxy silane is considered a mesoporous material (pore diameter 2-50 nm) [30] with high surface area, which is very interesting for the development of dispersive magnetic solid phase extraction procedures. In order to obtain information on particle size and morphology of materials TEM images were obtained (Fig. 3) . Typical spherical nanoparticles with size ranging in general from 20 to 100 nm were observed. The images also show that materials are very aggregated owing to magnetic dipolar interactions among the magnetite nanoparticles. The samples of Fe 3 O 4 grafted with silica matrix present structures very similar to core/shell, which is comparable with results obtained by Wang et al. (2010) [31] . The obtained FE SEM images (ESI, see Fig. S1 ) was used as complementary data in the morphological characterization of the materials. As a physical characteristic, the increase of particle sizes as a result of grafting process of silica matrix can clearly be observed, keeping the morphology of spherical particles with high degree of aggregation and diameter in nanoscale. From the EDS images (ESI, see Fig. S2 ), it was possible to observe that iron is highly dispersed in the silica matrix due to a strong covalent bonding interaction with the siloxane groups. The amount of Fe determined from the EDS spectrum in the Fe 3 O 4 material was found to be 23.09% (atomic percentage), while in the Fe 3 O 4 /SiO 2 , the values for Fe and Si were found to be 28.76 and 19.22%, respectively, and for the mesoporous amino-functionalized Fe 3 O 4 /SiO 2 nanoparticle, the results were found to be 10.55% for N, 17.75% for Si and 6.26% for Fe. Although carbon has not been determined from the EDS spectra, the amount of N herein obtained was found to be considered very high by comparing with literature data (about 3% of N for an efficient silanization) [32] , thus demonstrating the success of synthesis herein adopted.
Effect of pH on dispersive magnetic solid phase extraction and cloud point extraction of Cr(III) and Cr(VI)
In order to achieve a pH value whereas Cr(III) and Cr(VI) could be selectivity separated by dispersive magnetic solid phase extraction and cloud point extraction, initially, aliquots of 10. selectivity of CPE procedure was due to selective properties of 4-(2-thiazolylazo)resorcinol (TAR), which reacts with Cr(III) under heating, but does not react with Cr(VI) specie [34] . Therefore, taking into account the obtained results from dispersive magnetic extraction and cloud point extraction, both Cr(III) and Cr(VI) can be selectively preconcentrated under the same sample pH (5.0), being this value adopted through manuscript.
Multivariate optimization of cloud point extraction procedure for Cr(III) determination
Upon obtaining the pH 5.0 as an optimum value for redox speciation of chromium, the factors that play an important role in the cloud point extraction of Cr(III) was evaluated by means of a 2 4 factorial design containing central point. Table 2 shows the factors, their studied levels and results of experimental design. The assays were carried out by preconcentration of 45.0 mL of Cr(III) solution at 200.0 μg L −1 concentration under pH 5.0. After addition of 250 μL of Triton X-114 and 750 μL of TAR of variable concentrations to the flask, the cloud point was attained in thermostatic bath at 90°C for 45 min followed by separation of two phases in a centrifuge operated at 1200 rpm for 10 min. The supernatant was discharged and the rich phase diluted in methanol solution containing 0.1 mol L −1 HNO 3 was introduced to the FAAS nebulizer for the Cr(III) determination. The temperature and time of bath herein used were based on literature data [35] . The influence of each factor in the cloud point extraction was evaluated through analysis of variance (ANOVA) at a confidence interval of 95% and graphically represented by a Pareto chart [36] . It was observed (ESI, see Fig. S3 ) that all factors studied were statistically significant, except for the acetate buffer concentration; therefore for avoiding the high consumption of buffer, its lowest level (0.01 mol L ) was chosen for further experiments. The diluent volume affects negatively (standardized effect estimated of −10.17) the response of the cloud point extraction procedure in a significant way, showing that the signal decreases with the diluent volume due to pronounced dilution of rich phase. Therefore, 600 μL was selected for further experiments. The surfactant concentration (SC) presented the second most important effect on the preconcentration system with positive standardized effect estimated (8.71), showing that Cr(III) preconcentration increases with increasing surfactant concentration. Finally, the analytical response was dependent upon ligand concentration (LC) being the third most important factor with positive standardized effect estimated (2.90), which shows clearly that the increase of TAR concentration provides improvements on the Cr(III) extraction. The curvature was calculated to check the presence of maximum condition in the region of the experimental domain. The curvature is given by Eq. (1)
where, RFD is the average of responses obtained from the experiments carried out for the factorial design and RCP is the average of the responses to the central point. The obtained result for the curvature was negative (−0.025), thus suggesting the presence of optimum value within the experimental domain investigated. In this way, a Doehlert design depicted in Table 3 was used for obtaining the optimum values for ligand and surfactant concentrations. From the Doehlert design the quadratic model, which establishes the relationship between the two factors and the analytical response (absorbance as peak height), was obtained. The (Table 3) . Cr ( 
Multivariate optimization of dispersive magnetic solid phase extraction procedure for Cr(VI) determination
Once the parameters for preconcentration of Cr(III) by cloud point procedure were optimized, the preconcentration of Cr(VI) by dispersive magnetic solid phase extraction was, in similar way, optimized by means of a 2 4 factorial design. The experimental design containing the factors and their levels are shown in Table 4 . An aliquot of 45.0 mL of Cr(VI) solution at 100.0 μg L − 1 concentration was submitted to vortex-assisted dispersive magnetic solid phase extraction under pH 5.0 and elution in a vortex mixer for 5 min. Through the interpretation of Pareto chart (ESI, see Fig. S5 ) at a confidence interval of 95%, the eluent volume and adsorbent mass showed significant standardized effect estimated on analytical response, with values of −29.48 and 19.00, respectively. It means that lower eluent volume (500 μL) and higher adsorbent mass (25 mg) must be used for improving the performance of method; therefore, these values were chosen as the best values for the Cr(VI) extraction. In spite of dependence of these factors showing a significant interaction effect (standardized effect estimated of − 6.99), further optimization was not possible because the eluent volume (500 μL) was limited by the minimal required volume of the FAAS nebulizer. Within experimental domain the eluent type (2.5 mol L −1 HCl or 2.5 HCl mol L − 1 + 5% L-cysteine) and preconcentration time (1 or 5 min) did not exert influence on the analytical response. Therefore, 2.5 HCl mol L −1 as eluent in the absence of 5% L-cysteine was selected for all experiments. As the preconcentration time within experimental domain had no significant effect on the extraction of Cr(VI) by magnetic nanoparticles, which indicates the fast adsorption probably due to large surface area of adsorbent, lower preconcentration times were tested (10-120 s) from a univariate method. Better analytical signals were observed by increasing the preconcentration time, but the extraction efficiency leveled off after 60 s, presumably by reaching the adsorption equilibrium under the experimental condition. Thus, the optimum preconcentration time of 60 s was fixed for further studies. of Cr(VI) were subjected to dispersive magnetic solid phase extraction followed by cloud point extraction under optimized conditions. To ascertain the feasibility of proposed method in determining Cr(III) and Cr(VI) in the same solution, the obtained results from binary solutions were compared with single solutions of Cr(III) and Cr(VI), which were subjected, in similar way, to the sequential preconcentration system. As can be seen in Fig. 5 , the analytical signal of Cr(VI) and Cr(III) obtained for binary and single solutions are very close, with differences of 7.6 and 4.8% for Cr(III) and Cr(VI), respectively, which makes it possible to conclude that each species of chromium can be preconcentrated/ determined without interference among the species.
Influence of cations and anions on the Cr(III) and Cr(VI) preconcentration
In order to assess the influence of several co-existing ions on the Cr(III) and Cr(VI) preconcentration, different assays based on factorial Table 5 Potential interfering species and their levels based on factorial design.
Levels
Levels of concentration (μg L . design were performed. Table 5 shows four classes of co-existing ions that are often with Cr(III) and Cr(VI) in natural water samples. The higher levels of potentially interfering ions used in the factorial design were chosen according to the average of maximum levels allowed in different types of waters (Class 1 -sweet water, Class 3 -sweet water, Class 1 -saline water, Class 2 -saline water and Class 1 -brackish water) defined by CONAMA [38] . The counter ions NO 3 − and Na + were adopted for the co-existing cations and anions, respectively. ) were evaluated from a 2 6 − 2 fractional factorial design. The absorbance obtained for each assay was compared to that obtained for solutions containing Cr(VI) or Cr(III) at 75.0 and 165.0 μg L −1 concentrations, respectively. The tolerance limit was herein adopted as being ±10% when the combination of co-existing ions causes significative changes on the analytical signal of Cr(VI) or Cr(III). As observed in Fig. 6 , in general, the presence of co-existing cations and anions cause changes on the analytical signal of Cr(VI) or Cr(III), but within the tolerance limit. In some cases, the interference was higher than ±10% on the preconcentration of Cr(VI), especially for the group of toxic metals as demonstrated in Fig. 6a , assay 4. In this experiment the concentration of Al(III), Ba(II), Cd(II), , respectively. In spite of this result, it is worth emphasizing that such specific condition possibly will not occur in natural water samples, thus making it possible to state that preconcentration/speciation of Cr(III) and Cr(VI) will not be affect by co-existing cations and anions. Furthermore, this supposition can be supported by free-interference application of method in real water samples as will be further demonstrated. The effect of humic acid simulating the dissolved nature organic matter was also evaluated. The preconcentration of Cr(III) and Cr(VI) was performed in the presence of 1.0 mg L −1 humic acid, the normal concentration of humic substances in natural water samples [39] . Table 6 portrays a brief comparison of analytical performance of sequential nonchromatographic speciation method for Cr(III) and Cr(VI) with some previously published methods using FAAS as detector, where it can be observed that the limits of detection herein obtained for the proposed method are compared with the others. Apart from this finding, the method has advantages over the others because it does not exploit indirect speciation approach by means of chemical process based on reduction or oxidation reactions or changes on sample pH, which can result in imprecise analysis especially when the concentrations of Cr(III) and Cr(VI) are generally different among themselves. It is interesting to stress out that throughout optimization of the method, the magnetic nanoparticles were reused at least 20 times without loss of chemical adsorption properties toward Cr(VI), exhibiting good stability under several cycles of preconcentration/elution.
Application of sequential preconcentration/speciation of Cr(III) and Cr(VI) in real samples
The proposed method was applied to determine Cr(III) and Cr(VI) in water samples and an addition/recovery study by spiking known amounts of chromium in the samples was carried out (Table 7) . In some samples, Cr(VI) was determined while Cr(III) concentrations were below limit of detection. The presence of Cr(VI) in some water samples may be associated most likely due to the presence of leather processing industries near São José do Rio Preto city or due to some geological phenomenon. Recovery values ranging from 91.4-103.5% were obtained, thus demonstrating the applicability of method in different kinds of water samples. The accuracy was checked from analysis of a DORM-3 (Fish Protein Certified Reference Material for Trace Metals). Owing to the acid digestion by microwave oven, the total chromium was determined as Cr(VI) by dispersive magnetic solid phase extraction. The obtained value (1.92 ± 0.08 mg Kg −1 (n = 3)) is in agreement with certified value (1.89 ± 0.17 mg Kg ) using the t-test at the 95% confidence level, thus confirming the reliability of method even for biological Water This work PF = preconcentration factor; LOD = limit of detection; PS-NAPdien = chloromethylated polystyrene functionalized with N,Nbis(naphthylideneimino)diethylenetriamine.
samples. For this application, the quantitative elution of Cr(VI) adsorbed onto magnetic nanoparticles was achieved by implementing two elution steps.
Conclusion
The combination for the first time of dispersive magnetic solid phase extraction (DMSPE) and cloud point extraction (CPE) has proven to be an outstanding tool in developing sequential nonchromatographic methods for speciation/preconcentration of chromium in water samples. The mesoporous amino-functionalized Fe 3 O 4 /SiO 2 particles were successfully characterized and their nanometric sizes were of paramount importance to provide good dispersion of solid phase with quick and selective extraction of Cr(VI). The selective extraction of Cr(III) by CPE was achieved by using 4-(2-thiazolylazo)resorcinol (TAR) as chelating agent. The method provides good performance characteristics when compared to other FAAS methods reported in the literature and can be considered simple, inexpensive and an ideal way to achieve high selectivity toward preconcentration of Cr(III) and Cr(VI) without the need of indirect speciation involving complicated reduction or oxidation reactions or changes of sample pH during analysis, which can cause contamination sources or errors in the analysis. For final remarks, the method has shown good tolerance toward co-existing cations and anions and humic acid. 
